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(54) Title: METHOD OF PRODUCING HIGH MOLECULAR WEIGHT SODIUM. HYALURONATE BY FERMEN- 
TATION OF STREPTOCOCCUS 



(57) Abstract 



A novel mutant microorganism Streptococcus zooepidemicus HA- 116 ATCC 39920. The microorganism produces 
large amounts of high molecular weight hyaluronic acid. The invention provides a method of obtaining such microorgan- 
isms. The invention also concerns a method of obtaining sodium hyaiuronate which comprises growing with vigorous agi- 
tation a microorganism of the genus Streptococcus under appropriate conditions in a suitable nutrient medium containing 
a sugar component as a carbon source. The sugar component is present in a substantially constant concentration between 
0.2 and 10 grams per liter. The medium has a substantially constant pH between about 6.0 and 7.5 and includes a substan- 
tially constant magnesium ion concentration above 0.05 grams per liter. The sodium hyaiuronate excreted into the medium 
by the organism is purified using methods involving precipation, redissolving and reprecipating the hyaiuronate. Compo- 
sition of sodium hyaiuronate which are characterized by an absence of pyrogenicity and skin irritation are obtained. 
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METHOD OP PRODUCING HIGH MOLECULAR WEIGHT 
SODIUM HYALURONATE BY FERMENTATION OP STREPTOCOCCUS 

This application is a continuation-in-part of U.S. 
5 Serial No. 692,692, filed January 18, 1985, the 
contents of which are hereby incorporated by reference 
into the present application. 

BACKGROUND OP THE TNVENTTOM 

10 

This invention concerns a process for the production 
of the sodium salt of high molecular weight hyaluronic 
acid by large-scale fermentation of a microorganism of 
the genus Streptococcus . 

15 

Hyaluronic acid is a naturally occurring glycosamino- 
glycan consisting of a linear polymer of molecular 
weight of 50,000-13,000,000 daltons. It is a polysac- 
charide made of a repeating units of glucuronic acid 
20 and N-acetyl-glucosamine, bound by alternating 1-3 
and 1-4 bonds. 

Hyaluronic acid is present in various connective tis- 
sues of animals, such as skin and cartilage. Some 
25 organs are specifically rich in hyaluronic acid, such 
as the umbilical cord, synovial fluid, the vitreous 
humor and rooster combs. In addition, hyaluronic acid 
is produced by various microorganisms, such as strep- 
tococci Type A and C. 

30 

In skin and cartilage, the role of hyaluronic acid is 
to bind water and retain the tonicity and elasticity 
of the tissue. In joint fluids, the viscous hyaluronic 
acid solution serves as a lubricant to provide a pro- 
35 tective environment to the cells. A solution of ultra- 
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8J.» 162 (1976) . These procedures included anaerobic 
fermentations of the pathogenic bacteria, and resulted 
in yields of 0.4-1 grams/liter of hyaluronic acid of a 
aolecular weight of 700,000 or less. 

5 

Other procedures have concerned the aerobic fermen- 
tation of streptococci to produce hyaluronic acid such 
as Japanese Patent Publication Kokai No. 58-056692, 
published April 4, 1983, by inventors, Akasaka H, et 

10 al- Other publications such as, U.S. Patent No. 
4,141,973, February 27, 1979 by E.A. Balazs, concerned 
the production and purification of hyaluronic acid 
from sources such as animal connective tissue. The 
hyaluronic acid production and purification procedures 

15 disclosed in the prior art did not, however, yield 
hyaluronic acid of an average molecular weight of 
greater than 2.0x106 daltons. This is largely due to 
the fact that hyaluronic acid is easily degraded by 
shearing or oxidized in reactions catalyzed by irapuri- 

20 ties or metal ions present in the hyaluronic icid com- 
position. 

The novel process described herein results in hyaluro- 
nic acid of a molecular weight from about 1x106 to 

25 about 4.0xl0« daltons, in a yield of about 2 
grams/liter in anaerobic fermentation and about 4-6 
grams/liter in aerobic fermentation. This was made 
possible by producing a mutant strain of a Type C 
Streptococcus . zooepidgnHcns . HA-116, ATCC 39920, which 

30 is a high producer of hyaluronic acid and is haemoly- 
sin minus, i.e. of negligible pathogenicity. Aerobic 
Permentation of 20oepidpmJffi^ r HA-116, ATCC 39920 
and subsequent purification of hyaluronate have result- 
ed in batches of sodium hyaluronate with an average 

35 molecular weight of greater than 3.5x10* daltons. This 



WO 86/04355 



PCT/US86/00066 



-5- 



10 



15 



20 



25 



30 



35 



fimrnnary of the Invention 

The invention concerns a microorganism of the species 

Streptococcus zpoepidfflnicnff, ha-H6, atcc 39920, and 
mutants derived therefrom which are capable of produc- 
ing sodium hyaluronate by fermentation and excreting it 
into the surrounding medium. 

The invention also concerns a method of obtaining 
sodium hyaluronate which comprises growing with vigor- 
ous agitation a microorganism of the genus Streptnmr- 
filia under appropriate conditions in a suitable nutri- 
ent medium. The medium includes a sugar ecmsonmt as 
the carbon source in a substantially constant concen- 
tration between about 0.2 and 10 grams per liter, has a 
substantially constant p h between about 6.5 and 7.5 and 
also includes a substantially constant magnesium ion 
concentration above 0.05 gram per liter. The microor- 
ganism produces sodium hyaluronate and excretes it 
into the medium. The sodium hyaluronate is then recov- 
ered from the medium. 

The sodium hyaluronate is recovered from the medium by 
a method comprising treating the medium containing the 
microorganism so as to remove the microorganism and 
other materials insoluble in the medium, precipitating 
the sodium hyaluronate from the medium, e.g. precipi- 
tation with organic solvents, and recovering the pre- 
cipitate. The precipitate can then be ground and 
dried. Compositions of sodium hyaluronate character- 
ized by an absence of pyrogenicity and inflammatory 
activity can be produced by these methods. 

The present invention also concerns a method for se- 
lecting microorganisms which produce enhanced amounts 
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Detaileri Tto^ription n f the Invention 

The present invention concerns a method of obtaining 
high molecular weight sodium hyaluronate from microor- 
ganisms of the genus St restore,, Rr e .g. fi^ zooepidPtnj j - 
SJ1S or S^. saulslmiliS.. The method comprises growing 
microorganisms of the genus Streptococcus with vigorous 
agitation under appropriate conditions and in a suit- 
c-le nutrient medium. The medium includes a sugar 
component as the carbon source in a substantially con- 
stant concentration between about 0.2 and 10 grams per 
liter, a substantially constant magnesium ion concen- 
tration above about 0.05 grant per liter and a sub- 
stantially constant pH between about 6.5 and 7.5. The 
microorganisms produce sodium hyaluronate and excrete 
it into the medium. The sodium hyaluronate is then 
recovered from the medium. 



10 



20 



Any hyaluronic acid producing species of streptnrn^ 
can be used in practicing this invention, e.g. ^ zoo- 
epidemicus , ^ egujsjmllia or ^ pyogenes . The pre- 
ferred species is ^ zooepidpunr,^ an d the strain is &^ 
zooepideml^ HA-116 ATCC 39920 which is a mutant 
strain produced according to a method of this invention 
for obtaining microorganisms which produce an enhanced 
25 amount of hyaluronic acid. 

The sodium hyaluronate can be obtained by growing the 
Streptococci und e r aerobic or anaerobic conditions. 
In a preferred embodiment of the invention the appro- 
priate growing conditions comprise aeration of the 
medium at a rate greater than about 0.5 volumes of air 
per volume of medium per minute (vvm) . An aeration 
rate of 1-2 wm is generally used, however greater 
aeration rates may be desirable. m this preferred 
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a pr cipitate of sodium hyaluronate. The first, second 
and third organic solvents can each be isopropanol, 
ethanol or acetone. Alternatively the hyaluronate can 
be precipated by the same organic solvent in each step, 
e.g. sodium hyaluronate is precipitated from the medium 
by using isopropanol in all three of the precipitation 
steps. 

In another embodiment of the invention the pH of the 
medium containing the microorganism is adjusted to 
about 7.0 and the medium is cooled to a temperature 
between about 4<> and 15<>c and preferably between about 
4° and 20°C, prior to treating the medium to remove the 
microorganism. The medium is then diluted with 3% 
aqueous sodium acetate to the extent necessary to per- 
mit subsequent treatment e.g. three to four-fold. 

In one embodiment of the invention, the sodium hyalur- 
onate precipitate is redissolved in 0.15M aqueous NaCl 
and cetyl-pyridinium chloride is added to form the 
cetyl-pyridinium salt of hyaluronic acid. The cetyl- 
pyridinium salt is dissolved in aqueous NaCl and 15% 
ethanol, e.g. at least 1M NaCl and sodium hyaluronate 
is recovered therefrom by addition of organic solvent 
e.g. ethanol precipitating the sodium hyaluronate. 

This sodium hyaluronate precipitate can be redissolved 
in 0.15M aqueous NaCl. Cetyl-pyridinium ' chloride is 
added to again form the cetyl-pyridinum salt of hyalur- 
onic acid. The hyaluronic acid salt is dissolved in 
NaCl (at least about 1M) and ethanol and the sodium 
hyaluronate is recovered by addition of organic sol- 
vent. The precipitate is thereafter dissolved in ster- 
ile aqueous 1M NaCl and the resulting solution is con- 
tacted with a. magnesium silicate absorbant, e.g. Plori- 
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solved in aqueous NaCl containing 10% (v/v) ethanol, 
e.g. at least 1M NaCl, and sodium hyaluronate is recov- 
ered therefrom by addition of organic solvent, e.g. 
ethanol . 

This sodium hyaluronate precipitate can be redissolved 
in 0.15M aqueous NaCl. Cetyl-pyridinium chloride is 
added to again form the cetyl-pyridinium salt of hya- 
luronic acid. The hyaluronic acid salt is dissolved in 
NaCl (at least about 1M) with 10% ethanol and the sodi- 
um hyaluronate is recovered by addition of organic 
solvent. The precipitate is thereafter dissolved in 
sterns aqueous 1M NaCl and the resulting solution is 
contacted with a magnesium silicate absorbant, e.g. 
Plorisil to remove impurities and residual cetyl-pyri- 
15 dinium ions. The solution is then sterilized by fil- 
tration and sodium hyaluronate is precipitated by the 
addition of sterile organic solvent, e.g. sterile etha- 
nol. The sodium hyaluronate so produced can be air 
dried under sterile conditions. 

20 

The sodium hyaluronate is suitable for use in composi- 
tions of cosmetic grade and clinical grade sodium hy- 
aluronate and other suitable carriers, e.g. glycerol, 
polypropylene glycol, sorbitol, collagen, polyethylene 
25 glycol . 

The cosmetic grade composition of sodium hyaluronate 
produced by the methods of this invention is character- 
ized by an absence of -skin irritation. it contains 
between about 87% and 91% sodium hyaluronate of a mo- 
lecular weight between about 700,000 and 1,500,000 
daltons and a ratio of glucoronic acid to N-acetyl 
glucosamine of 1:1, from about 8% to about 12% by 
weight water, from about 4% to about 5% by weight sodi- 
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3.5x106 daltons and of different grades of purity have 
also been produced by the methods of this invention. 

The vitreous test in the Owl Monkey Eye was performed 
essentially as described in U.S. Patent No. 4,141,973 
of E.A. Balazs (1979) . 

The invention also concerns the microorganism strepfco- 
SQSSSia. z ooep i demlcnq H A-116 ATCC No. 39920 or mutants 
derived therefrom. This microorganism was derived by a 
method of selecting microorganisms which produce an 
enhanced amount of hyaluronic acid and which lack hemo- 
lytic activity. The method comprises treating microor- 
ganisms that produce hyaluronic acid, such as microor- 
ganisms of the genus strsn^^,,., with a suitable 
mutagen capable of producing mutants of the organism, 
e.g. nitrosoguanidine. The mutants are grown on a 
suitable solid medium, e.g. Todd-Hewit agar, and mucoid 
colonies are identified. These colonies are recovered 
from the solid medium and grown on blood agar. The 
colonies which do not ly Se hemoglobin are then select- 
ed and used for the production of hyaluronic acid in 
accordance with the methods of this invention. 
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a strain of zooepidemictis. Streptococcus zooeodi- 
misiia HA-116 has been deposited with the American Type 
Culture Collection, 12301 Parklawn Drive, Rockville, 
Hd 20852, pursuant to the provisions of the Budapest 
Treaty on the International Recognition of the Deposit 
of Microorganisms for the Purpose of Patent Procedure, 
and has been assigned accession number ATCC 39920. 

THE FERMENTATTOM ppnrflffff 

In addition to the use of the selected mutant HA-116, 
we have devised several other unique procedures to 
increase the yields and the molecular weight of the 
hyaluronic acid produced by bacterial fermentation and 
to shorten fermentation time. This includes (i) main- 
tenance of high levels of magnesium ion concentrations; 
15 and (ii) performance of aerobic fermentations with a 
high rate of aeration and vigorous agitation. 

In a preferred embodiment of the invention the composi- 
tion of the fermentation medium is as follows: 



10 



20 



30 



Component Concentration farams/lifcerl 

Casein hydrolysate 20 



Yeast extract 
NaCl 



10 
2 



MgS0 4 .7H 2 0 1 5 

S2HPO4 2*. 5 

Glucose 5 



In a more preferred embodiment of the invention, the 
concentration in the fermentation medium of MgS0 4 .7H 2 0 
is 1.0g/l, the concentration of glucose is 10g/l and 
the other components have the same concentrations as 
above. 

The pH of the medium is maintained at about 7.0 by 
continuous addition of 5N NaOH upon demand of a pH 
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Stage A 

This stage comprises the removal of the bacteria and 
other insoluble materials by filtration, followed by 
three successive sedimentations by isopropanol and 
treatment with activated charcoal. 

When only cosmetic grade material is prepared, the 
fermentation broth is heated for 20 minutes at a tem- 
perature of about 90OC and at a pH of about 5.0 prior 
to filtration. At this time no dilution is necessary. 
For the preparation of a clinical-grade high molecular 
weight material, the fermentation broth is cooled with 
ice to a temperature from about 10° to about 15Cc f 
diluted 3- to 4-fold with 3% sodium acetate, adjusted 
to a P H of about 7.0 and then subjected to filtration. 
Diatomaceous-earth type filter-aid, e.g. .5 grams/liter 
of Celatom FW-14, Eagle-Picker " Industries, Inc., Cin- 
cinnati, Ohio", is used in conjunction with a vacuum- 
type or pressure filter. Sodium hyaluronate is pre- 
cipitated from the filtrate by addition of 1 volume of 
20 isopropanol. The precipitate is redissolved in an 
equal volume of 3% sodium acetate, and the material 
precipitated again with isopropanol. The second pre- 
cipitate is redissolved in 3% sodium acetate, then 1 
gram/liter of activated charcoal is added and the mix- 
25 ture is stirred for about 1 hour. This suspension is 
filtered and the sodium hyaluronate is precipitated by 
addition of isopropanol, washed with isopropanol and 
finally ground and air-dried to give a "cosmetic-grade" 
product. 
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Stage B 

Cosmetic-grade sodium hayluronate is purified by two 
successive precipitations of its cetyl-pyridinium salt, 
followed by adsorption of impurities on a magnesium 
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PDRIFICATTON PROCEDDRES II and III 

Alternatively, two independent purification methods may 
be employed to obtain cosmetic grade and clinical grade 
sodium hyaluronate. These procedures are preferred 
procedures for obtaining sodium hyaluronate. Procedure 
II yields a low molecular weight "cosmetic grade" sodi- 
5 um hyaluronate, and Procedure III yields a high purity, 
high molecular weight non-inflammatory sodium 
hyaluronate suitable for clinical application. 

Procedure IT 

10 At the conclusion of fermentation, the fermentation 
broth is heated to about 90°C, then the pH is adjusted 
to about 5.0 and the medium kept at 80° for 40 minutes. 
This step is terminated by adjusting the pH to 7.0 and 
cooling to about 20<>C. This heating process brings 

15 about a drop in the molecular weight of the hyaluronate 
to about 1-I.5xl0 6 dalton. 

The sodium hyaluronate is precipitated from the fermen- 
tation mixture by addition of 1.5 volumes of ethanol. 

20 The precipitate is further washed with ethanol to elim- 
inate a large portion of the microorganisms. This 
crude material is redissolved in aqueous 3% sodium 
acetate containing 0.1% parahydroxybenzoic acid methyl 
ester. The volume is adjusted to give about 2-3 grams 

25 per liter of hyaluronate. One gram per liter of acti- 
vated charcoal and 40 grams per liter of a diatoraaeous 
earth-type filter-aid, e.g. Celatom FW-1, Eagle-Picker 
Industries, Inc., Cincinnati, Ohio, are added to the 
solution and stirred for at least 1 hour. The mixture 

30 is then filtered through a filter-aid cake. Sodium 
hyaluronate is precipitated by addition of 1.5 volumes 
of ethanol and the precipitate is redissolved in an 
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Ploriail Adan^pHftn 

A solution of about 0.1-0.15% sodium hyaluronate in 
sterile pyrogen-free 1M NaCl is passed through a column 
of 30-60 mesh activated Florisil e.g. 20 gr Plorisil 
per liter of solution. The solution is then rendered 
germ-free by filtration through a 0.2 urn filter. Sodi- 
um hyaluronate is precipitated by ethanol (1.5 vol- 
umes), followed by washing with analytical grade etha- 
nol. The precipitate is finally dried by a stream of 
sterile nitrogen. 

The yield of hyaluronic acid in this procedure is about 
70-80%. 

PROPERTIES OF THE PPnn pCT SODTTTM HYALDROttATE 



Sodium Hyal uronate qx **? I 

Sodium hyaluronate grade I is "cosmetic grade" sodium 
hyaluronate that is obtained after purification Stage 
A of Procedure I or Procedure II. its properties are 
20 as described below: 

a * Content of Sodium Hvaluronan* ? 87-91% , assayed by 
the modified carbazole method, Bitter and Muir, Anal. 
Biochem. 1, 330 (1962) using Sigma hyaluronic acid Type 
I, cat. # H 1751, as a reference standard. 



b * Av eraqe Molecular w*1qhl : From about 700,000 to 
about 1,500,000 daltons, calculated from the limiting 
viscosity number esentially as described by Laurent, et 
al., Biochem. Biophys. Acta i2, 476 (1960). A repre- 
sentative calculation of intrinsic viscosity and mole- 
cular weight is shown below. 
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C - concentration in gr/ml 

- intrinsic viscosity (limiting viscosity number) 

(n) » lim n s P/C 
C 0 

5 

Determination of intrinsi c viscosity fnl t 
The viscosity of a 0.1% sodium hyaluronate solution and 
of two fold, three fold and four fold dilutions of this 
solution were measured. The concentration of sodium 
10 hyaluronate was determined by the carbozole meth- 
od. sp/C was plotted versus C and extrapolated line- 
arly to 00. in) was obtained from the intersect of 
the line with the Y-axis. 

15 Determination of molecular weight ; 

The molecular weight of sodium hyaluronate was calcu- 
lated from the empirically-established Mark-Houwink 
relationship 

20 

(n) = 0.0403«m0.775 

wherein H is the molecular weight in daltons. The 
above relationship was used to determine the molecular 
25 weight of various lots of NaHA produced. The relation- 
ship is shown in Table I. 
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*• Absence of siHn Trritatioqi This is determined 
for a 1% solution by (i) Draize dermal irritation test 
in rabbits, Draize, J.H. , in: "Appraisal of the Safe- 
ty of Chemicals in Pood, Drugs and Cosmetics". Asso- 
ciation of Pood and Drug Officials of the United 
States, Austin, Texas, pp. 46-49 (1959); (ii) Delayed 
contact hypersensitivity test in Guinea pigs, 
Hagnusson and Kligman, J. Invest. Dermatol. 52, 268 
(1969) . 

Sodium Hyaluronate flrado TT 

Sodium hyaluronate Grade II is "clinical grade" sodium 
hyaluronate obtained after purification through Stage 
B of Procedure I or after purification by Procedure 
III. Its properties are as described below: 

a « Content of Sodium pvaluronqte. 88-92%. 

b * Average Molecular Wfrj f jhf More than 7x105 daltons, 
usually in the range from about 2 to about 3.5x106 
daltons for NaHA purified through Stage B of Procedure 
I and in the range from about 2 to about 4.4xl0 6 dal- 
tons for NaHA purified by Procedure III. These molecu- 
lar weight ranges are calculated from the limiting vis- - 
cosity number as described above. 
25 

c * Mtio of Glucuronic Acid/N-acPtvl ciiirn Sap j n fl . 

1/1. 

d. Water Confcppf i 0 % + 2% 

30 

e. Protein: Undetectable (less than 0.01%). 

f . Sodium Ton.^i 5% + 1% 
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cells/ml f and 0.25 ml portions are taken for 90 min 
incubation with 0.5 ml of 2 mg/ral cytochrome c and 
graded amounts (0, 2, 10 , and 20 rog final) of phorbol 
myristate acetate (PMA) . PMA is an activator of the 
oxidative "burst" system. The media are centrifuged at 
1,500 RPM for 15 min and the absorbance of the super- 
natants is determined at 550 nm. 

Inflammation is indicated by an increase in both the 
number of peritoneal cells and the maximal ability to 
respond to PMA and reduce the cytochrome C. Hence, an 
index of inflammation is defined as the activity (in 
nmoles of superoxide radicals formed) of all the white 
cel^s obtained from one mouse. A sample is regarded as 
non-inflammatory if the inflammation index is not sig- 
nificantly higher than that obtained from mice. injected 
with saline alone. 
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component concentration 

Casein hydrolysate about 10-30 

Yeast extract about 5-15 

NaC1 about 2 

MgS0 4 *7H2° above about 0.5 

K 2 HK) 4 about 2.5 

Glucose about 2-15 

7. The method of claim 2, wherein recovering the 
sodium hyaluronate comprises treating the medium con- 
taining the microorganisms so as to remove the microor- 
ganism and other materials insoluble in the medium, 
precipitating the sodium hyaluronate from the medium 
and then recovering the precipitate. 

15 8. The method of claim 7 further comprising grinding 
and then drying the precipitate. 

9. The method of claim 7, further comprising adjust- 
ing the pH of the medium containing the microorganism 
to about 5.0 and then heating the medium for a suitable 
period of time at a temperature between about 80° and 
95<>c prior to treating the medium to remove the micro- 
organism. 

25 10. The method of claim 9, wherein the medium is heat- 
ed for about 20 minutes at about 90°C. 

11. The method of claim 9, wherein the medium is heat- 
ed for about 40 minutes at about 80OC. 

30 

12. The method of claim 7, wherein the treating com- 
prises filtration. 
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19. Th m thod of claim 14, further comprising adjust- 
ing the pH of the medium containing the microorganism 
to about 7.0, cooling the medium to a temperature be- 
tween about 40 and 15°C and then diluting the medium 
with 3% aqueous sodium acetate prior to treating the 
medium to remove the microorganism. 

20. The method of claim 19, further comprising redis- 
solving the precipitate in 0.1 5M aqueous NaCl, adding 
cetyl-pyridinium chloride to form the cetyl-pyridinium 
salt of hyaluronic acid, dissolving the cetyl-pyri- 
dinium salt in aqueous NaCl (at least about 1M) and 
ethanol, adding organic solvent and recovering the 
sodium hyaluronate. 

21. The method of claim 20, further comprising redis- 
solving the recovered sodium hyaluronate in 0.1 5H aque- 
ous NaCl, adding cetyl-pyridinium chloride to again 
form the cetyl-pyridinium salt of hyaluronic acid, 
dissolving the cetyl-pyridinium salt in aqueous NaCl 
(at least about 1M) and 10% ethanol, precipitating the 
sodium hyaluronate with an organic solvent, dissolving 
the sodium salt in NaCl solution, contacting the re- 
sulting solution with magnesium silicate absorbent to 
remove impurities and residual cetyl-pyridinium ions, 
sterilizing the solution and adding sterile organic 
solvent to precipitate the sodium hyaluronate from the 
solution. 

22. The method of claim 21, / wherein the organic sol- 
vent is isopropanol. 

23. Th- method of claim 21, further comprising air- 
drying the sodium hyaluronate precipitate under ster- 
ile conditions. 
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31. The method of claim 30, wh rein each of the first, 
second and third organic solvents are isopropanol, 
ethanol or acetone. 

32. The method of claim 30, wherein the first, second 
and third organic solvents are ethanol. 

33. The method of claim 30, further comprising grind- 
ing and then drying the precipitate of the third organ- 
ic solvent. 

34. The method of claims 25, 26 or 30, further com- 
prising adjusting the pH of the medium containing the 
microorganism to about 7.0 and cooling the medium to a 
temperature between about 4° and 20°C prior to adding 
the first organic solvent. 

35. The method of claim 25, wherein the suitable aque- 
ous solution is 0.15M aqueous NaCl solution containing 
0.1% parahydroxybenzoic acid methyl ester. 

36. The method of claim 35, further comprising adding 
cetyl-pyridinium chloride in 0.1 5M NaCl to the hya- 
luronate solution to form the cetyl-pyridinium salt of 
hyaluronic acid, redissolving the cetyl-pyridinum salt 
in aqueous NaCl (at least about 1M) containing 10% 
ethanol and adding organic solvent to recover the sodi- 
um hyaluronate. 

37. The method of claim 36, further comprising re- 
dissolving the recovered sodium hyaluronate in 0.15M 
aqueous NaCl, adding cetyl-pyridinium chloride to again 
form the cetyl-pyridinium salt of hyaluronic acid, 
redissolving the cetyl-pyridinium salt in aqueous NaCl 
(at least about 1M) containing 10% ethanol, adding 



WO 86/04355 



PCT/US86/00066 



-35- 

12% by weight water, from about 4% to about 6% by 
weight sodium ion, less than 0.01% by weight protein, 
less than 0.001% by weight sulfate, less than 0.02% by 
weight nucleic acid and less than 0.2% by weight neu- 
tral sugar. 

5 

43. A composition of sodium hyaluronate characterized 
by an absence of pyrogenicity and inflammatory activity 
comprising between about 88% and 92% by weight sodium 
hyaluronate of an average molecular weight from about 2 

10 to about 4.4xl0 6 daltons and a glucoronic acid to N- 
acetyl glucosamine ratio of 1:1, from about 8% to about 
12% by weight water, from about 4% to about 6% by 
weight sodium ion, less than 0.01% by weight prozein, 
less than 0.001% by weight sulfate, less than 0.02% by 

15 weight nucleic acid and less than 0.2% by weight neu- 
tral sugar. 

44. A composition containing the sodium hyaluronate of 
claim 41, 42 or 43 and a suitable carrier. 

20 

45. A composition of high molecular weight sodium 
hyaluronate characterized by a minimum viscosity of 
about 3.5 m 3 Agr a minimum average molecular weight of 
about 3.5xl0 6 daltons, a specific optical rotation 

25 measured at 25°C and at a wavelength of 436nm from 
about 155° to 165°, a protein content of less than 
about 1 mg/gram, an absorbance at the wavelength of 257 
nm of less than about 0.5, endotoxin of less than about 
0.05 ng/ml., less than about 0.2 mg/g of iron, less 

30 than about 0.2 mg/g of copper, an infiltration of less 
than about 200 white blood cells per mm3 of aqueous 
humor of owl monkey eye when one ml. of a 1% solution 
of the composition dissolved in physiological buffer 
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